Speeding up the development of green and renewable energy in order to reduce the consumption of petroleum is a worldwide issue that is very critical, crucial and urgent. Photovolatic industry is one of the most important green industries which need urgent attention. Helping the photovoltaic industry to upgrade the operation result is a highly valuable endeavor. Strategic alliance is the most efficient and fast method used to streamline the whole industrial chain to exploit the highest added value. Integrating several effective tools, to include data envelopment analysis, grey forecasting model (GM), grey relational analysis (GRA) and heuristic approach is a new approach that tries to resolve the issues of strategic alliance for supply chain management. The results of this study prove the objectives. The most valuable contribution of this research is to provide a new studying method for both academic and industry development by combining these models.
INTRODUCTION
In the last three decades, the consumption of energy and power has grown very fast in the world. The storage of petroleum has decreased tremendously in recent years. The Organization of Petroleum Exporting Countries (OPEC) estimates that the storage of oil will be depleted at the end of this century. Besides, the global warming is getting more severe. To seek and understand renewable energy is an urgent issue.
More recent years, many countries around the world have increased their efforts in related research on solar energy that prompts a wide varieties of solar energy-*Corresponding author. E-mail: kc88899@gmail.com.
Abbreviations: DEA, Data envelopment analysis; GM, grey forecasting model; GRA, grey relational analysis; AGO, accumulated generating operation; IAGO, inverse accumulate generated operation; CCR, Charnes, Cooper and Rhodes; BCC, Banker, Charnes and Cooper; DMU, decision making unit; IT, information technology; Super-SBM, slacks-based measure of super-efficiency; R and D, research and development related products and consequently results in great demand for such products to meet consumer's needs. For example, solar energy vehicles, solar water heater, solar street light and solar cells, etc., all of which can work ideally to replace petroleum. Because of the strong solar radiation, one of the countries in the world which has the greatest potential to develop the solar energy is Taiwan.
From the production of solar cell to the sale of photovoltaic system, silicon is the common material, 94% of solar cell use silicon to be the main material. The up-stream is started from silicon providing companies, then the companies which making wafers. After that, there are companies making cell and module. Finally, the down-stream companies are those which provide logistics flow and trading.
From the summary of photonics industry and technology development association (PIDA) , the shortage of silicon has continued for several years, the capacity of silicon was dropped (Figure 1 ). Gross profit was decreased quickly for the producers of solar industries. Moreover, there are several well established industry value chains, alliance, capability and core technology in semiconductor-related industries such as semiconductor foundry, TFT-LCD, LED and related modules businesses. With these advantages, those existing players with potential capability would jump into this new business; photovoltaic industry. Figure 2 from the industrial technology research institute (ITRI) demonstrates that solar cell is the most valuable part of photovoltaic industry in Taiwan. The producers of solar cell have created more value than others. In order to keep current status and further advance to leading position, through vertical integration or forming an alliance with certain segments of the industry is necessary. Therefore, this research would put effort on the alliance partner selection for the upstream and downstream, for those producers of solar cell.
Strategic alliance within supply chain has become one of the most popular approaches to expand market channels and to research required resources in this industry (Bertodo, 1990) However, enterprises are facing uncertain future and difficulties in choosing the right strategic partners. Therefore, this research tries to combine several methodologies together to be a new way to solve the issue. The data envelopment analysis (DEA) is the popular method for efficiency performance evaluation. Therefore, we modify DEA to a new methodology to select the partners of supply chain. However, this study has three issues for DEA method. Firstly, that DEA always uses historic data for calculation. The results only demonstrate the present situation, not future. For evaluating the future situation, according to historic data, this research uses grey forecasting model (GM) to predict the input and output variables of future term. The second issue is that the input and output variables for DEA often being judged on personnel's perception. To avoid this weak point, this research applies grey relational analysis (GRA) for variables choosing. This is a quantitative way to choose the objective variables. The selection of DEA model is the third issue. To find a better alliance partner, this research uses slacks-based measure of superefficiency (Super-SBM) for calculation since this model can clearly distinguish operation efficiency of different companies. Therefore, the purpose of this paper is to develop an effective heuristic approach to find a better alliance partner of supply chain in Taiwan photovoltaic industry, based on GRA, GM and DEA.
The grey system theory was first proposed by Deng (1989) . Grey system is according to the notion of the black box a system whose part of information (mechanism, relationship, structure, connotation and behavior data) is known, but the other unknown is called the grey one. These make system information from the uncertain to certain, and from the less known to much known.
GRA is a kind of estimation method in grey system theory's analysis of relational degrees between discrete series. It is also a developmental quantitative compareson analysis to grey system elements that analyzes which elements are principal and which are of subordinate importance. It has many successful applications in different areas (Fu et al, 2001; Liang, 1999) . The grey relational space has four basic axioms which grey relational grade must satisfy. Deng (1989) derived the first grey relational grade formula by meeting all four axioms (Wen, 2000) . This grey relational grade In proposal GRA, the grey relational matrix Γ is defined as below.
GM is the most popular application of grey theory. The study uses rolling GM (1,1) model to carry out quantitative prediction. This method establishes a grey model based on the known small amount of incomplete information. Whereas the new data sequence generated from the known limited original data sequence via the accumulated generating operation (AGO) will have an obvious exponential pattern and be able to eliminate the uncertainty of the original data sequence. Accordingly, it can establish a differential equation to perform the fitting work, to predict the unknown amount and to inversely acquire the predicted value of the original data sequence via the inverse accumulate generated operation (IAGO).
Let the primitive series having a variable (0) x be,
this corresponds to a first order accumulated series.
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According to the differential equation theory, the solution for a GM (1,1) is:
Using the operation of one time IAGO (1-IAGO), the predicted value of the entry at time k+1, ) 1 (
, of the original sequence ) 0 ( X can be obtained by using Equation 5 and the symbol " ^" represents the predicted value.
DEA is the optimization method of mathematical programming to generalize the single-input/singleoutput technical efficiency measure to the multiple input/output cases by constructing a relative efficiency score as the ratio of a single virtual output to a single virtual input (Farrell, 1957) . Thus, DEA became a new tool in operational research for measuring technical efficiency. It originally was developed by Charnes, Cooper and Rhodes (CCR) with constant return to scale (CRS) (Charnes, 1978) and was extended by Banker, Charnes, and Cooper (BCC) to include variable returns to scale (VRS) (Banker et al., 1984) . So the basic DEA models are known as CCR and BCC. Some researches extend decision making unit (DMU) combination in DEA to study strategy. Some researchers suggest that merger have the potential to produce efficiencies. Lubatkin and Srinivasan (1997) updated the list of large mergers from 1948 through 1988 and calculate three capital market measures of value creation. Wang and Wang (2005) provided an application model for merger evaluation in high-tech business.
In this study, a DEA model Super-SBM (Tone, 2002) was used. This model was developed on "slacks-based measure of efficiency" (SBM) introduced by Tone (2001) There are some related researches. Forecast as the explanation of something that has not yet been previously observed or is unknown. Normally, fuzzy theory, neural networks and grey prediction are the famed methods of forecast. Yuan and Chang (2002) used Delphi Method to make a forecast analysis on the future development of the textile industry in Taiwan. Huang and Yu (1997) proposed several grey-based models to forecast the monthly temperatures for two different cities. To measure supply capability, Morita et al (1996) proposed an interval prediction of the upper and lower bound values of load demand using the grey dynamic model in grey system theory. However, none of above can solve the issue of finding the proper partners for strategic alliance during supply chain management. Therefore, this research combines heuristic approach, GRA, GM, and DEA to develop an effective approach to find better alliance partners of supply chain management in photovoltaic industry. The contributions of this research are conspicuous. This is a new studying method on both academic and industry by combining the DEA, GM and GRA. Hence, through the proposed method, this research not only can evaluate the present situation of industry, but also can provide suggestions for decision makers to find better partners for alliance in the future. Moreover,
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Step 5 facing uncertain future, choosing the right strategic partners within supply chain is difficult for enterprises. The proposed method provides an efficient method to measure the efficiency for future. According to the analysis of residual error, most residual errors are less than 10%. It means that this research provides acceptable predicted values.
Proposed approach
This research has the expected finding with skill and practice. For the skill, we combine heuristic approach, GRA, GM and DEA. This is a new penetration of studying the measurement method for supply chain management on photovoltaic industry. The photovoltaic industry is an important role on the development in Taiwan. Hence, through this approach, we can not only nose out the present situation of photovoltaic industry, but also provide suggestions for decision makers to find better partners for alliance in the future.
To avoid judging the input and output variables for DEA on personal's perception, we try to use an objective criterion named GRA to choose variables. In grey system theory, GRA is applied to determine the relationship between two sequences of stochastic data in a system. This research wants to use GRA to choose proper variables from related data. Before making use of DEA, in order to find a better alliance partners in the future, we use GM to predict the input and output variables. GM (1,1) model is the most popular GM, which consists of a first order differential equation with a single variable. It only needs the raw data of four minimum periods to calculate. The paper predicts inputs/outputs in next three years through this model. After predicting these variables, we apply DEA methodology to evaluate solar producers' efficiency of performance. Since Super-SBM can efficiently distinguish the detail difference among DMU, therefore, compared with traditional models of DEA, we choose Super-SBM as our DEA model in this study. Figure 3 demonstrates the detail of the research procedure and its explanations are depicted.
Step 1: Collect industry related data
We search photovoltaic related enterprises to find all potential candidates to be our DMU list. Information was collected from market observation posting system of Taiwan stock exchange cooperation. All companies will be classified into three categories: up-stream, midstream and down-stream. The input and output factors used in this study are defined as follows.
Input factors
Employees: It is the basic input factor in every industry and an important index to measure the labor productivity.
Fixed assets: Fixed assets are composed of, land, property equipment etc.
Total assets: It is a basic factor in operating business and includes Information Technology (IT) capital and non-IT capital. It reflects how much does people invest in the company.
R and D expense: It is an important factor in IT industry. New technique is a main factor for business.
Operating expense: Operating expense is an expense arising in the normal course of running a business.
Cost of goods sold: This amount includes the cost of the materials used in creating the good along with the direct labor costs used to produce the good.
Output factors
Operating income: The amount of profit realized from a business's operations, but excluding operating expenses and depreciation from gross income.
Gross profit: The gross profit is the total revenue subtracted by the cost of generating that revenue. It tells us how much money a business would have made if it did not pay any other expenses such as salary, income taxes, etc. Net sales: The amount of sales generated by a company after the deduction of returns, allowances for damaged or missing goods and any discounts allowed.
Retained earnings: The percentage of net earnings not paid out as dividends, but retained by the company to be reinvested in its core business or to pay debt.
Step 2: Normalize all data Before calculating the grey relation coefficients, the data series can be treated based on the linearity of data normalization to avoid distorting the normalized data.
For normalizing the data of input and output, we use "lower-bound effectiveness measuring" for input variables and "upper-bound effectiveness measuring" for output variables.
Step 3: Choose input/output variables by GRA To study the ten affecting variables (six from inputs and Wang et al. 12707 four from outputs), we ranked and scored them according to their relation grade. In each variable and a different year, the effect is arranged by numerical value and then added up. According to calculation, we choose four of these affecting variables.
Step 4: Forecast inputs/outputs by GM Based on the characteristic of GM, it only requires a small number of data to process a problem. Photovoltaic is an emerging industry in Taiwan. Due to the previous data of industry are difficult to collect, GM is a favorable method for this research. The study uses Rolling GM (1,1) model to establish the forecast model.
Step 5: Efficiency calculation of virtual alliances by DEA
Before calculating the efficiency, we classify all companies into three categories then get several combinations (virtual alliances). Adding the predicted value into DEA model, we get the score of each virtual alliance.
Step 6: Ranking the priority According to the score of virtual alliances, the results are separated with three different groups. When score greater then 1, these virtual alliances are the first priority candidate for alliance; when score equal to 1, these are second priority for alliance; when score less than 1, we do not need to waste efforts for alliance.
EXPERIMENT DESIGN AND ANALYSIS
In this research, Company M is set as the target company which is looking for partners of strategic alliance. Company M is a real company located in Taiwan. It is one of the manufactures of solar cell and branches around the world. Its employees have more than 700. Because of the lack of poly-silicon, the profit of company is decreasing now. Company M is looking for strategic alliance among industry for integrating market channels and resources sharing. The photovoltaic industry is a new industry in the world. This industry does not have many big and stable companies in Taiwan. To avoid some small, too new or unstable companies to bias the analysis, the DMU is only collected from market observation posting system of Taiwan stock exchange cooperation (Wang and Wang, 2005 ) during 2003 -2008 . In this case, majority of leading and stable companies will become DMU. Because of the restriction on space of printed pages, recommendations to enterprises for strategic alliance.
CONCLUSION
Strategic alliance has become one of the most popular approaches to expand market shares, extend sales channels and to research required resources (Feller et al., 2009 ). However, enterprises are facing uncertain future and difficulties in choosing the right strategic partners, such as company sizes, licensing options, etc. (Lang, 1996) . This paper is to develop an effective heuristic approach to find better alliance partners of supply chain management in Taiwan photovoltaic industry, based on GRA, grey GM and DEA. This application may help top manager of enterprises to have better decision making for business expansion.
The results were sound for enterprises to find thefuture candidates of strategic alliance.
According to our process for finding the strategic partner for supply chain, the conclusions are listed as follows:
1. This is a new studying method in both academic research and industry applications by combining the DEA, GM and GRA. The proposed method of this research not only evaluates the present situation of industry, but also provides suggestions for decision makers to find better partners for alliance in the future. 2. Facing the uncertain development of business environment, choosing the right strategic partners within supply chain is very essential but full of challenges for enterprises. Therefore a systematic and reliable evaluation approach is vital for necessary business integration. The proposed method provided an efficient method to measure the efficiency for future business improvement. According to the analysis of residual error, most residual errors are less then 10%. It means this research provided acceptable predicted values.
For future directions, researchers either can use more variables or select some other different variables as input and output factors. Besides, different industries, such as semiconductors manufacturing, liquid crystal display manufacturing which have long supply chain can be assessed by this proposed model. Moreover, DEA is a sensitive tool. Before using it, defining DMU model more accurately and choosing input and output variables more precisely are mandatory. Furthermore, different DEA models can also be tested to find out some more changes and important issues.
